Background A lack of gold standard treatment for autism spectrum disorders (ASD), no clear ASD management guidelines, and lack of evidence-based pharmacological interventions other than aripiprazole and risperidone elevate the risk of off-label prescribing and adverse effects among individuals with ASD, more so among adults. Objective The aim of this study was to identify and compare the types of prescription drug use, rates of polypharmacy, and characteristics associated with polypharmacy among adults with and without ASD in a retrospective cross-sectional analysis of a three-state Medicaid Analytic eXtract database (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008).
Methods Adults aged 22-64 years with ASD (ICD9-CM code: 299.xx) were propensity score-matched to 'no ASD' controls by age, sex, and race. General polypharmacy (C6 unique classes of prescription drugs in a year) and psychotropic polypharmacy (C3 unique prescription drug classes of psychotropic medications within a 90-day period) were the main study outcomes. Chi-square tests for rates, t tests for mean number of claims, and multivariate logistic regressions for likelihood of prescription drug use and polypharmacy were run. Results Annually, almost 75% of adults with ASD had [20 prescription drug claims compared with 33% of adults without ASD. Around 85% of adults with ASD used at least one psychotropic drug class compared with 42% of adults without ASD. Highly common psychotropics were antipsychotics (66% ASD vs 20% noASD ), anticonvulsants (59% ASD vs 20% noASD ), and anxiolytics/hypnotics/sedatives (21% ASD vs 11% noASD ). Other than psychotropics, many adults with ASD used medical prescription drugs such as antimicrobials (47%), dermatologic agents (48%), respiratory agents (38%), gastrointestinal agents (31%), alternative medications (25%), antiparkinsonian agents (22.6%), antihyperlipidemics/statins (7.3%), and immunologics (2.0%). Rates of general (48% ASD vs 32% noASD ) and psychotropic polypharmacy (19% ASD vs 6% noASD ) were significantly higher in the ASD group. Conclusion Prescription drug use and polypharmacy rates among adults with ASD are substantially higher than those in an age-, sex-, and race-matched cohort of adults without ASD. Adults with ASD frequently use therapeutic treatments other than psychotropics. Healthcare providers, who usually report low confidence in treating patients with ASD, should play an active role in constant monitoring of prescription drug use patterns and patient response to interventions. Prescribers and caregivers are encouraged to
Introduction
Impaired communication and social interactions are some of the core symptoms of autism spectrum disorders (ASD). However, many individuals with ASD are also affected by challenging behavioral issues such as aggression, irritability, and self-injury [1] [2] [3] [4] and multiple medical and psychiatric comorbidities [5] [6] [7] [8] [9] . Management of ASD and associated comorbidities may include an array of pharmacological interventions [10] , which usually involves use of multiple prescription drugs [11] [12] [13] [14] . To date, there are no prescription drugs that can treat core ASD symptoms, but the US Food and Drug Administration (FDA) approved risperidone (2006) and aripiprazole (2009) primarily for symptoms of irritability, hyperactivity, and aggression associated with ASD [15] . Pharmacological treatment is clinically essential or warranted in most cases, yet there are reasons why concurrent use of multiple prescription drugs (sometimes referred to as polypharmacy) [16] [17] [18] may be of concern. As the literature on prescription drug use and polypharmacy among adults with ASD is limited [19] [20] [21] , studies including children, adolescents, and youth with ASD have been used to explain general prescription drug patterns among individuals with ASD.
Lack of Evidence Base
There is a lack of strong evidence for safety and efficacy of prescription drugs that are used off-label among individuals with ASD (where physicians often prescribe non-indicated medications in a trial-and-error fashion to help manage troublesome symptoms in patients, especially if other treatments are failing) [15] . An increasing number of studies are documenting the practice of off-label prescriptions by physicians to manage cases where the approved medications are either not available or not considered an adequate treatment option for individuals with ASD [22] [23] [24] . A Danish study using a national registry indicated a 4.7-fold increase in prescriptions of atomoxetine, methylphenidate, and dexamphetamine for children with ASD from 2003 to 2010 [24] . This practice is also observed with increased off-label use of psychotropic drugs including selective serotonin reuptake inhibitors (SSRIs) [12] for repetitive behaviors, stimulant medications for attentiondeficit hyperactivity disorder (ADHD)-type symptoms [25] , and anti-epileptic medications such as valproate for behavioral symptoms in ASD [26] .
Effectiveness versus Side Effects
Aripiprazole and risperidone display moderate effectiveness but are also associated with substantial adverse effects [15] . A systematic review by Dove et al. [20] on treatment of adults and adolescents (13-30 years) with ASD concluded there was moderate evidence for risperidone in controlling aggression and weak evidence for any other treatment. It is well known that risperidone therapy is associated with adverse events such as sedation, obesity, tardive dyskinesia, and side effects such as increased appetite, fatigue, drowsiness, dizziness, and drooling [20, 27] . Aripiprazole use is also known to cause adverse effects such as significant weight gain, sedation, and sialorrhea [28] [29] [30] [31] [32] . In addition, a medical chart review highlighting the complexities of ASD pharmacological treatments by Adler et al. [33] showed that 40% of patients with ASD still required medication adjustment despite previous trials of risperidone and aripiprazole, or combinations of these.
Other prescribed medications such as antidepressants and mood stabilizers also have significant tolerability issues. A recent systematic review on clinical trials examining the efficacy of SSRIs (fluoxetine, fluvoxamine, fenfluramine, and citalopram) reported no significant improvements in ASD symptoms but rather an additional risk of harm [34] . Among children and adolescents with ASD, use of antidepressants was found to be associated with behavioral activation (hyperactivity and agitation), aggression, and suicidal ideation [35] . The long-term effects of prescription drug use and polypharmacy among individuals with ASD, especially the adult population, are unknown [10, 19] . Studies have shown that increasing age is significantly associated with greater likelihood of high prescription drug use among individuals with ASD [36] [37] [38] , which necessitates further investigation on patterns of prescription drug use in the adult population.
The current study elaborates on prescription drug use patterns and types of polypharmacy among adults with ASD compared with adults without ASD. Most studies examining polypharmacy among individuals with ASD are limited to either pediatric populations and/or psychotropic polypharmacy [28, 31, 33, 34, 36, 38, 39, 40, 41] (with rates from 10 to 20%). A few studies among adults with ASD have examined psychotropic polypharmacy, but are restricted by small samples and clinical settings with a high chance of referral bias [19, 20] . Previous studies have defined polypharmacy in many different ways [16, 17, 18, 42, 43, 44] and variability in polypharmacy rates has been observed with differences in operational definitions in administrative claims databases [45] . Some have defined it as concurrent use of multiple drugs with minor (two drugs) and major (more than four drugs) differentiations [16] [17] [18] and some have defined it as use of more drugs that are clinically indicated or excessive use of inappropriate drugs [16, 42] . In the current study, we identified general polypharmacy as use of six or more unique prescription drug classes in a year [46] , and psychotropic polypharmacy as concurrent use of three or more psychotropic drug classes within a 90-day period after the first prescription fill for a psychotropic drug [47] . We hypothesized that adults with ASD are at greater risk of polypharmacy than adults without ASD because of the lack of effectiveness evidence for this age group [15] , a shortage of trained mental health professionals and facilities for optimum management of ASD cases [48] , physician-reported lack of self-perceived competency and knowledge in treating adults with ASD [49] [50] [51] [52] , and no clarity on adult ASD treatment recommendations and evidence-based guidelines in the US.
Our study also describes the types of prescription drugs used among adults with ASD. A few studies with small sample sizes [21, 37, 53] have indicated that adolescents and adults with ASD are not only likely to use psychotropics (e.g., antipsychotics and antidepressants), but also commonly need and use non-psychotropic drugs (e.g., antilipemics, gastrointestinal medications, and other nonpsychotropic drugs) [21] . We expected that use of psychotropic and non-psychotropic prescription drugs would be more common among adults with ASD than adults without ASD, based on the high prevalence rates of medical comorbidities among adults with ASD found in a recent study by Croen et al. in 2015 [54] , and other studies on psychotropic medication use in children with ASD [36, 38, 39] .
We 
Methods

Data
Administrative health insurance claims data from three state Medicaid programs (IL, NY, and TX) were extracted from the 2000-2008 Centers for Medicare and Medicaid Services (CMS) Medicaid analytic eXtract (MAX) data files. We selected IL, NY, and TX MAX data because of lower managed-care penetration rates, greater fee-for-service enrollment during the study period, and large sample of enrollees with ASD in these state MAX files [56] . MAX offers separate data files that provide varied information on diagnosis codes, service use, demographic characteristics, and state of residence. Separate MAX data files received from CMS can be linked based on beneficiaries' unique identification numbers.
For the current study, we used the personal summary file (for information on Medicaid eligibility, enrollment type, and demographics), other therapy file (for information on two possible diagnoses, utilization of outpatient services such as clinical services, physician office visits, procedures, lab services, psychiatric services, and residential services), inpatient file (for information on nine possible diagnoses, hospitalizations, procedures, and length of stays), and the prescription drug file (for national drug codes [NDCs] , prescription fill date, and days of supply). County-level variables were obtained from the area resource file (ARF) [57] , which provides information on type of health facilities, number and type of health professions, resource scarcity measures, health status, economic activities, health training programs, and socioeconomic and environmental characteristics. The Medicaid files were linked with ARF files with a five-digit county identification variable.
Study Population and Design
A retrospective cross-sectional matched cohort study among adults aged 22-64 years with and without ASD was conducted. Adults with any ASD (at least one inpatient or two outpatient claims on separate service dates with an ICD9-CM code: 299.xx in any position) who were continuously enrolled in a fee-for-service program from 2000 to 2008 were matched (1:3) to adults without ASD by age, gender, and race. Adults without ASD were identified as those enrollees with at least two medical claims on separate dates of service (either inpatient or outpatient) with no ASD diagnosis throughout the study period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Validating ASD diagnoses was outside the scope of the current study; therefore, we used a validated identification algorithm by Burke et al. [58] with a positive predictive value of 87% among children with ASD. Administrative health databases for studies concerning healthcare services utilization with validated ASD diagnoses are used more frequently now than ever [59] .
Matching was conducted using propensity scores with an 8 to 1 GREEDY algorithm which involves matching cases and controls with the same propensity score (predicted probabilities from a logistic regression on ASD status) till the eighth digit, and if the eighth digit match is unsuccessful, the algorithm attempts to match on seven digits, and so on. The GREEDY matching algorithm employs a sample without replacement and if there is more than one match then selection of control becomes random. Such an approach for propensity score matching is used to reduce the effects of bias and confounding in observational studies [60] . Individuals were excluded from the study if they were (1) dual Medicaid/Medicare eligible; (2) managed-care enrollees; and (3) dead during the study period. Every year unique cases of ASD were identified and matched with a unique control from the same year with no ASD. Matched cases and controls from each year were added to make the final sample of years 2000-2008. A cohort attrition chart is provided in Fig. 1 .
Variables
Socio-Demographic Characteristics
Age (22-40 and 41-64 years), sex (male and female), race (White, African American, and Other [Hispanics, American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, and more than one race]), state (IL, NY, and TX), identification cohort (before and after 2004), and Medicaid eligibility by cash and medical needs (yes/no) were extracted from the MAX personal summary file. These patient characteristics were used as control variables in the study.
County Characteristics
We used various contextual variables from the ARF file such as county metro status (urban/rural), primary care shortage area (yes/no), mental-health specialist shortage area (yes/no), psychiatrist density (high/low), median household income level (quartiles: q1, q2, q3, and q4), and 'high school education and above' density which is a measure of county education status (quartiles: q1, q2, q3, and q4). These were used as proxy measures of access to services.
Comorbidities
We utilized both number (none, one, and two, three or more) and type of comorbid conditions (either one inpatient or two outpatient claims on separate service dates with a diagnosis in any position for a psychiatric or a nonpsychiatric disorder) in our study. We used the single-level clinical classification software (CCS) provided by Agency for Healthcare Research and Quality [61] to categorize diagnosis codes to clinically meaningful categories.
A psychiatric comorbidity included adjustment disorders (CCS code: 650), alcohol/substance use disorders (AUD; CCS codes: 660, 661), anxiety disorders (CCS code: 651), attention-deficit disorders and conduct behavior disorders (ADD; CCS code: 652), developmental disorders (CCS code: 654), mood disorders including depressive disorders and bipolar disorder (CCS codes: 6571, 6572), personality disorders (CCS code: 658), and schizophrenia and other psychotic disorders (CCS code: 659). A nonpsychiatric comorbidity included most common medical conditions which are linked with highest healthcare expenditures and are the leading cause of deaths in the US (http://www.cdc.gov/nchs/fastats/leading-causes-of-death. A variable representing number of comorbidities was created as a sum of categorical variables (1 = yes, 0 = no) of 'any psychiatric disorder', 'any non-psychiatric disorder', and 'other health conditions' (epilepsy, thyroid disorders, lipid metabolism disorders, pancreatic disorders, fluid and electrolyte disorders, jaw and teeth disorders, genitourinary disorders, skin disorders, and infections). As part of another study using the same cohort, the 'other health conditions' were found to be of significant prevalence in both the ASD and no ASD group. Due to a lack of strong epidemiological evidence on comorbid prevalence of many such conditions among adults with ASD (especially in Medicaid), these were analyzed as a separate category from non-psychiatric comorbidity.
Type of Prescription Drug Classes
Overall prescription drug (Rx) use ([20 unique Rx claims, B20 unique Rx claims, and no Rx claims) was categorized as above or equal/below the median of the entire sample (due to non-parametric distribution of Rx use). We have reported the proportion of adults using specific drug classes as well as the mean number of prescription drug claims per year for the following drug classes: respiratory agents, antimicrobials, anticancer, immunologics, cardiovascular agents, analgesics, blood modifiers, hormone modifiers/ steroids, statins/other antihyperlipidemics, antidiabetics, dermatologic agents, alternative medicine/nutritional supplements, gastrointestinal agents, CNS agents (excluding stimulants), antiparkinsonian agents, and other metabolic agents. The list of specific drugs within these prescription drug classes is provided in Appendix A (see electronic supplementary material). These agents were identified using a drug database from Multum Ò Lexicon 2014 (Cerner Multum, Inc., Denver, CO, USA), which provides national drug codes or NDCs (11-digit code). Such NDCs represent unique prescription drugs that are assigned drug categories which can be classified further into meaningful therapeutic classes and can be linked with the MAX pharmacy file.
Polypharmacy
We defined general polypharmacy (yes, no, no Rx claim) as use of six or more unique classes of prescription drugs in a year. General polypharmacy included but was not restricted to prescription drug classes such as antipsychotics, antidiabetics, antihyperlipidemics, anticancer drugs, antibiotics, gastrointestinal agents, respiratory agents, and other classes of drugs (Appendix A; see electronic supplementary material). The psychotropic drug polypharmacy (yes, no, no Rx claim) was defined as use of three or more unique classes of psychotropic drugs within a 90-day period after the first occurring prescription fill date of any psychotropic drug. A similar definition of psychotropic polypharmacy in claims database analyses has been previously used by Essock et al. [47] among individuals of all ages and Spencer et al. [39] among children with ASD. The psychotropic drug classes in the current study included antidepressants, antipsychotics, anticonvulsants, CNS stimulants, and anxiolytics/sedatives/ hypnotics. For converting the national drug codes to meaningful therapeutic drug classes, we used drug database from Multum Ò Lexicon 2014 (Cerner Multum, Inc., Denver, CO, USA) and Healthcare Effectiveness Data and Information Set (HEDIS) NDC 2015 lists [62] .
Statistical Analyses
Bivariate analyses such as Chi-square tests of associations for categorical variables and t tests for continuous variables were conducted to assess the subgroup and mean differences between adults with and without ASD. Mean annual numbers of claims for adults with and without ASD were calculated for all individuals in the data as well as only users (those who had at least one prescription drug claim for a specific therapeutic drug class). Binary logistic regressions were run to assess the effect sizes of differences in rates of prescription drug use among adults with and without ASD (adjusted for age, sex, and race). To examine the likelihood of general and psychotropic polypharmacy, multinomial logistic regressions were run.
Regression analyses were adjusted for socio-demographics, county characteristics, and number of comorbidities. For examining characteristics of adults with ASD significantly associated with polypharmacy, the multinomial variable was converted to a binary indicator (polypharmacy vs no polypharmacy). Chi square analyses and binary logistic regressions were conducted to identify significant factors of adults with ASD associated with polypharmacy. Numbers, percentages, means and standard deviations, adjusted odds ratios (AORs) along with 95% confidence intervals (CIs) are reported. Multinomial logistic regression models were controlled for cohort (before/after 2004), state, eligibility, county characteristics (metro status, median household income, above high school education, primary care provider shortage area, mental health specialist shortage area, and psychiatrist density), and number of comorbidities. Findings with cell sizes that were 11 or less are suppressed in accordance with CMS data user agreement. All analyses were conducted using SAS v9.4.
Results
Our study sample had the maximum number of enrollees in the year 2000 (n = 2468, 34.8%) and the minimum number of enrollees in the year 2007 (n = 696, 9.8%). It consisted of adults who were primarily male (n = 5068, 71.5%), aged 22-40 years (n = 6072, 85.6%) and belonged to the 'Other' race (n = 3002, 42.3%). The majority of adults resided in a metro region (n = 6020, 88%), in a physician care shortage area (n = 6140, 90%), and in a mental health specialist shortage area (n = 5608, 82%), had a high median annual household income (q4; n = 5496, 80%) and were well educated (q4; n = 4468, 65%). The sample had 1772 adults with ASD, most of them being male (71%), aged 22-40 years, and under a cash assistance program (82%). Rates of psychiatric (81% ASD vs 41% noASD ) and non-psychiatric comorbidity (40% ASD vs 45% noASD ) were significantly different for adults with and without ASD. Around 4% of adults with ASD were Medicaid eligible by medical needs compared with 17% of adults without ASD. About 82% of adults with ASD were Medicaid eligible by cash assistance compared with 60% of adults without ASD.
Types of Prescription Drug Classes
Almost 95% of adults with ASD had at least one prescription drug claim per year compared with 87% of adults without ASD. A significantly greater proportion of adults with ASD used dermatologic agents (48% ASD vs 32% noASD ), gastrointestinal agents (32% ASD vs 23% noASD ), alternative medicine/nutritional supplements (25% ASD vs 18% noASD ), cardiovascular agents (23% ASD vs 19% noASD ), antiparkinsonian agents (23% ASD vs 10% noASD ), statins/ other antihyperlipidemics (7.3% ASD vs 5% noASD ), immunologics (2% ASD vs 0.7% noASD ), and other metabolic agents (1.4% ASD vs 1.1% noASD ). Psychotropic drug use was also significantly higher among adults with ASD (85%) compared with adults without ASD (42%). Within psychotropic drug classes, antidepressants (37% ASD vs 26% noASD ), antipsychotics (66% ASD vs 20% noASD ), anticonvulsants (59% ASD vs 20% noASD ), and anxiolytics/hypnotics/sedatives (21% ASD vs 11% noASD ) were very commonly used by adults with ASD (Table 1) .
Number of Prescription Drug Claims
On average, adults with ASD had a significantly higher number of prescription drug claims per year (48 ASD vs 21 noASD claims). The difference in mean number of psychotropic drug claims between adults with and without ASD was highest for anticonvulsants (10 ASD vs 2 noASD claims), followed by antipsychotics (10 ASD vs 2 noASD claims) and antidepressants (4 ASD vs 2 noASD claims) (Tables 2, 3 ).
Polypharmacy among Adults with and Without ASD
The rates of general polypharmacy among adults with ASD and without ASD were 48% and 32%, respectively (AOR 1.17, 95% CI 1.03-1.33). Psychotropic polypharmacy was prevalent among 19% of adults with ASD compared with 6% of adults without ASD (AOR 1.40, 95% CI 1.17-1.68). Most common prescription drug classes used by these adults were antipsychotics (78%), anticonvulsants (75%), antimicrobials (67%), dermatologic agents (64%), respiratory agents (59%), and gastrointestinal agents (52%) ( Table 1) .
Characteristics of Adults with ASD Associated with General Polypharmacy
General polypharmacy rates increased significantly and consistently from 2000 (42%) to 2007 (64%). A significantly greater proportion of females with ASD (55%) used six or more drug classes per year compared with males with ASD (45%). Higher general polypharmacy rates for adults with ASD were observed in the 41-to 64-year age group (61%) compared with the 22-to 40-year age group, and in Whites (54%) compared with African Americans (47%) and 'Other' races (44%). Around 52% of adults with ASD and a psychiatric comorbidity used six or more drug classes in a year compared with 32% of adults with ASD but no psychiatric comorbidity. The highest rates of general polypharmacy among adults with ASD were seen for those who had personality disorders (80%), schizophrenia (66%), mood disorders (65%), a gastrointestinal disorder (78%), cardiovascular/cerebrovascular disorders (74%), a respiratory disorder (71%), musculoskeletal disorders (68%), and diabetes (64%). Around 21% of adults with ASD with no comorbidity used six or more drug classes per year. Among adults with ASD, significant predictors of general polypharmacy were males compared with females (AOR 0.63, 95% CI 0.50-0.80) and residence in a county with lower versus higher education status (q1 vs q4; AOR 0.43, 95% CI 0.27-0.66) ( Table 4) .
Characteristics of Adults with ASD Associated with Psychotropic Polypharmacy
White race had a significantly greater psychotropic polypharmacy rate compared with African Americans and 'Other' races. Adults with ASD and a psychiatric comorbidity such as an adjustment disorder (26%), mood disorder (31%), or schizophrenia (32%) had significantly high rates of psychotropic polypharmacy. Around 12% of adults with ASD with no comorbidity used psychotropic polypharmacy. In the multivariate regression analyses, adults with ASD who were either African American (AOR 0.50, 95% CI 0.34-0.72) or 'Other' race (AOR 0.71, 95% CI 0.53-0.96) had lower odds of psychotropic polypharmacy compared with Whites. Greater numbers of comorbidities were associated with greater general and psychotropic polypharmacy rates among adults with ASD. Having three or more comorbidities among adults with ASD was strongly associated with greater odds of general (AOR 11.14, 95% CI 7.05-17.6) and psychotropic polypharmacy (AOR 3.03, 95% CI 1.76-5.22) ( Table 4 ).
Discussion
The use of prescription drugs among Medicaid-enrolled adults with ASD is substantial and is significantly greater than in an age-, gender-, race-matched sample of adults ASD Autism Spectrum Disorders, Rx Prescription Drug, Col % Column percentages, OR Odds ratio, AOR Adjusted odds ratio *** p \ 0.001; **0.001 B p \ 0.01; *0.01 B p \ 0.05 a Chi-square test was not conducted due to very low cell sizes. All chi-square associations were significant at ***P \ 0.001 b Estimates also tested with Wilcoxon-Mann Whitney tests without ASD. The higher medication burden is only observed across a high number of adults with ASD, but also extends to a high annual mean number of prescription fills. Adults with ASD not only use a considerable amount of prescriptions drugs for psychiatric needs such as antipsychotics, antidepressants, and anxiolytics/sedatives, but also use prescription drugs that alleviate medical issues including gastrointestinal agents, cardiovascular agents, statins, dermatologics, and many others. Another notable finding of the current study was the rates of polypharmacy among adults with ASD. Almost half of the adults with ASD used six or more drug classes in a year and 19% of adults with ASD used three or more psychotropic drug classes within a 90-day period. Among adults with ASD but no comorbidity, about 20% used six or more prescription drug classes in a year and 12% used three or more psychotropic drugs in a 90-day period, indicating a possible off-label prescription drug use.
With the rising concerns of off-label use and potential risks associated with multiple drug use among individuals with ASD [10] , our study provides critical information on prescription practices and the patterns of drug utilization among adults with ASD. Various studies in the past have focused on examining the extent of medication use and polypharmacy among children and adolescents with ASD [12, 22, 25, 26, 39, 40, 55, 63] , but the current study is the first large sample study that has established rates of prescription drug use, types of prescription drug classes used, and types of polypharmacy among adults with ASD compared with adults without ASD.
Overall and Specific Prescription Drug Use
A large majority of adults with ASD (85%) filled at least one prescription for a psychotropic drug, which was significantly higher than adults without ASD (42%). Compared with earlier studies on psychotropic medication and polypharmacy among adults with ASD [19, 21] , psychotropic drug use rates in the current study were much higher than the previous rates of 64% (19) and 57% [21] . Unlike the study by Esbensen et al. [21] , which focused on a younger age group of 10-to 48-year-old individuals with ASD, our study included adults up to 64 years of age, which could have been the reason for elevated rates of prescription drug use. The study by Lake et al. [19] , although very informative, was restricted by the clinical settings, staff reports of medication use, and a low sample size which may not be representative of communitydwelling adults with ASD. Nonetheless, the rate of psychotropic drug use in our study was much higher than the rates among children with ASD (27-64%), as observed in previous studies with and without a Medicaid database [39, 41, 63] . A high proportion of adults with ASD in the current study also used non-psychotropic drugs, indicating the nonpsychiatric needs of this population. Previous studies have mainly focused on psychiatric needs and utilization of psychotropic drugs among individuals with ASD [12, 22, 25, 26, 39, 40, 55, 63] , and our study is the first one to examine the rates of non-psychotropics such as dermatologic agents (48%), gastrointestinal agents (32%), alternative medicine/nutritional supplements (25%), cardiovascular agents (23%), antiparkinsonian agents (23%), and statins/other antihyperlipidemics (7.3%) among adults with ASD. Our study results support the findings of recent observational studies that have highlighted the nonpsychiatric needs of individuals with ASD (55). Croen et al. [54] , using claims data from the Northern California Kaiser Permanente program, showed a considerable and higher prevalence of non-psychiatric comorbidities such as immune conditions, gastrointestinal disorders, dyslipidemia, hypertension, and diabetes among adults with ASD compared with adults without ASD. In fact, adults with ASD also had a higher prevalence of rare disorders such as stroke and Parkinsonism. Recently, a study by Starkstein et al. [64] showed a 20% prevalence of Parkinsonism among a small sample of middle aged and older adults with ASD (49 years and above). Hollander et al. [65] published a review on links between Parkinsonism and ASD which may have overlapping phenomenology such as repetitive behaviors and a common underlying involvement of the basal ganglia leading to symptoms that require similar medication management. Use of additional prescription drugs other than psychotropic drugs may be of bigger concern in a scenario where numerous medications are used off-label with no information on their benefit-risk ratios, limited data on beneficial effects of psychotropic drugs other than risperidone and aripiprazole [15] , and a lack of well designed clinical trials with large cohorts of the adult ASD population [10] .
In the current study, adults with ASD also had a significantly greater mean number of prescription drug claims per year than adults without ASD. For some drug classes such as anticonvulsants, the mean number of claims per year was as high as 11 claims per year for adults with ASD compared with a mean of two claims per year for adults without ASD. These findings were consistent when restricted to users only, where adults with ASD still had a higher mean number of claims in a year for most drug classes. In a 2006 study by Croen et al., Medicaid-enrolled children with ASD had an average of six prescription drug claims per year [66] compared with our study rate of 48 prescription drug claims per year among adults with ASD. Findings of the study by Esbensen et al. [21] , which found that young adults are less likely to discontinue medications and more likely to add medications over the course of the ASD treatment, strengthen the hypothesis that adults with ASD may have much higher prescription needs than children with ASD.
General Polypharmacy
In our study cohort, almost half of adults with ASD used six or more prescription drug classes in a year compared with one-third of adults without ASD. One of the interesting findings in our study was the consistent increase (22% rise) in the proportion of adults with ASD who engaged in general polypharmacy from 2000 to 2007. The past decade was a critical transition period for ASD awareness and better diagnoses [67], better Medicaid policies for prescription drug coverage for individuals with mental health issues such as ASD [48, 68] , and an increased mental health workforce that could have been associated with better access to medications leading to an increased number of individuals getting easier access to prescription drugs. However, this finding should be read with caution because our study could not establish causality of rising polypharmacy rates with time. Adults with ASD living in counties with workforce shortages of primary care and mental health specialty providers had lower rates of general polypharmacy than those living in counties with no workforce shortage, underlining the important role of healthcare providers in access to prescription drugs for adults with ASD and emphasizing the need for better pharmacological guidelines to help providers to care for adults with ASD, and reduce excess prescription drug use whenever risks outweigh benefits.
Among predictors of general polypharmacy for adults with ASD, female gender and older age was significantly associated with using six or more drug classes per year compared with male gender and younger age group, respectively. Albeit not fully established, a few studies have shown that females with ASD are less likely to have repetitive behaviors but have a higher prevalence of other disorders such as intellectual disabilities, anxiety, schizophrenia, depression, bipolar disorders, cancer, diabetes, and some neurological disorders, putting them at a greater risk of using multiple classes of drugs [54, 69] .
Psychotropic Polypharmacy
Psychotropic polypharmacy was observed among 19% of adults with ASD compared with only 6% of adults without ASD. This rate of psychotropic polypharmacy was lower than a rate of 29% reported by Lake et al. (2012) among adults with ASD [19] and higher than the 20% rate among children with ASD [39, 41] . Adults with ASD who had adjustment disorders (26%), ADD/ADHD (30%), mood disorders (31%), schizophrenia (32%), and epilepsy (24%) had greater psychotropic polypharmacy rates than adults with ASD but no respective comorbidities. Around 12% of adults with ASD (Table 4 ) but no comorbidity used three or more psychotropic drugs in a 90-day period. This finding reflects that physicians are possibly following off-label prescription practices without strong evidence for drugs such as SSRIs and drugs such as memantine for improvements in autistic symptoms such as irritability, hyperactivity, and aggression [54, 69] . In addition, use of multiple classes of drugs at one time also increases the risks of adverse events such as tardive dyskinesia, a consequence of risperidone therapy, as well as causing weight gain, gastrointestinal issues, and increased self-injurious and extreme behaviors that further worsen ASD symptoms [14] . Worsening of ASD symptoms and side effects due to prescription drug use may contribute to greater use of emergency departments and hospitalizations and higher costs of healthcare for adults with ASD [14, 70, 71] .
Strengths
Our study is the first study to examine the extent of prescription drug use and types of polypharmacy among adults with ASD using a large population-based setting and realworld data. We used a three-state Medicaid database, a program that provides extensive pharmacy services and home-and community-based waivers to individuals with ASD [72, 73] . The current study is also the first study to estimate the average number of claims per year for specific therapeutic classes among adults with ASD and compare the rates with a matched sample of adults without ASD. State Medicaid programs have made consistent efforts to reduce prescription drug use and costs since the early 2000 s [74] , and our study highlights that adults with ASD have substantial and/or off-label use of prescription drugs compared with other Medicaid beneficiaries.
Limitations
Despite the various strengths, our study was limited in some ways. Our study period was restricted and the definition of ASD and many drug-related policies/rebate programs may have changed after 2008. In addition, the list of drug classes coded using NDCs may not have been exhaustive and some drugs which are provided in intravenous form (e.g., anticancer therapies) or via an inpatient pharmacy are not reflected in the findings. We required adults with ASD to be continuously enrolled during the study period to allow their full prescription drug utilization dates to be captured, which could have excluded many individuals with sporadic Medicaid enrollment. We did not match the ASD cases and no-ASD controls on their enrollment period, which could have created certain baseline differences in the two groups. A majority of adults in the study were eligible by cash assistance, indicating that our sample was primarily low income and/or had high needs; thus, rates of drug use may be overrepresented for both ASD and no-ASD groups. Definitions of polypharmacy have varied substantially across studies [17, 18, 42] , which may cause differential rates across studies. Comorbid diagnoses listed with an individuals' claim may not always be accurate or comprehensive. Due to the lack of information on diagnosis history or reasons for outpatient visits/hospitalizations, corroborating whether there was actual off-label prescription drug use was not possible.
Conclusion
Prescription drug use, general polypharmacy, and psychotropic polypharmacy among adults with ASD are significantly and substantially higher than in adults without ASD. Half of adults with ASD use six or more drug classes in a year and almost one-fifth of them use three or more psychotropic drug classes within a 90-day period. Higher prescription drug use among adults with ASD is not restricted to psychotropic drugs, but extends to prescriptions alleviating other medical needs including cardiovascular agents, statins, immunologics, gastrointestinal agents, antiparkinsonian agents, and many others. Older age, female gender, White race, and presence of three or more comorbid conditions among adults with ASD is significantly associated with using six or more prescription drug classes per year. The study highlights considerable pharmaceutical needs of adults with ASD as well as the practice of off-label prescription use for adults with ASD by healthcare providers. A high prescription use among adults with ASD should be constantly monitored and physicians should play an active role in long-term treatment of ASD. In addition, further investigations about any use of alternative and complementary treatments that can affect a patient's response to core treatments should also be done. Long term use of prescription drugs may be associated with tolerance and sensitization which may worsen ASD core symptoms, and thus it is very critical to develop an optimum pharmacological management guideline of adult ASD interventions [75] . The issue of lack of evidence-based treatments and clinical trials should be addressed by healthcare research agencies, policymakers, and state health insurance programs.
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